~," Results of proximal anterior cerebral artery occlusion are described in 68 patients with anterior communicating artery aneurysms. The procedure is found useful in the treatment of these aneurysms because of its technical simplicity and the low rates of mortality and morbidity achieved. KEY WORDS 9 anterior communicating artery 9 aneurysm 9 proximal anterior cerebral artery occlusion 9 occlusion
M
ANAGEMENT of a patient with a ruptured intracranial aneurysm is a source of anxiety to all neurosurgeons. Aneurysms arising from the anterior communicating artery are particularly dangerous because of the effects produced by spasm of the important neighboring perforating vessels. As there is no established treatment for this spasm, the aim of surgery is to prevent recurrent hemorrhage. Direct and indirect surgical procedures have been used, starting with the successful use of proximal anterior cerebral artery occlusion by Dott in 1944, s and others, x,a'4'e,~l ~4.~9.2~ notably Logue, et al. ~8 ,~ Although McKissock, et al., ~s challenged the value of surgical treatment, it soon became accepted as being better than conservative management, particularly for less ill patients. Later, because of the risk of recurrent hemorrhage, a,Sa~ attention was focused on the direct method of excluding the aneurysm from the circulation; this reduced the high risk of recurrent hemorrhage? ,Sa~ But the Cooperative Study 22 of 246 of these aneurysms treated by direct surgery still revealed a high mortality rate (35%) and it was also shown that direct clipping of the aneurysm did not assure complete obliteration of the sac. ',~ The recent introduction of the operating microscope has produced better results, such as the 3% mortality rate reported by Krayenbuhl, et al., 15 in 95 patients with anterior communicating aneurysms treated by the direct approach.
This paper evaluates the management of 124 patients with subarachnoid hemorrhage due to anterior communicating artery aneurysms in whom occlusion of the proximal anterior cerebral artery was the treatment of choice.
Material and Methods

Selection of Patients
From December, 1961, to April, 1973, 372 patients were admitted to this unit after spontaneous subarachnoid hemorrhage due to aneurysm. Of these, 124 patients had an 
Selection o f Treatment
The patients were treated as shown in Table 1 . Patients in poor clinical condition (Botterell Grades 5 and 4), 5 with marked angiographic spasm, multiple aneurysms, myocardial infarction, or pulmonary embolus, were treated conservatively, as were those patients who refused operation.
In the other patients, when the angiogram showed the aneurysm to be filled mainly from one side, proximal occlusion of the main supplying anterior cerebral artery was performed if there was an adequate cross flow either spontaneously or with compression of the contralateral carotid artery.
In 15 cases, however, the angiogram showed either equal filling of the aneurysm from both sides or absence of cross flow, and in these patients the aneurysm was approached directly. The neck of the aneurysm was clipped in six cases; the aneurysm itself was wrapped with muslin and muscle in six cases. In three patients both methods were used. One patient with evacuation of a subdural hematoma through burr holes and one with decompressive craniotomy were both decerebrate on admission; both patients had preoperative angiography and both died shortly after surgery. All patients who underwent either type of aneurysm surgery were in Grades 1 to 3, except for one patient who was in Grade 4.
Most surgical patients were operated on within 2 weeks of the occurrence of hemorrhage (Fig. 2) . In seven cases with marked local or generalized spasm, a second angiogram was performed 7 to 13 days after hemorrhage to confirm its disappearance before surgery was undertaken. Two patients were referred some time after hemorrhage; one had already had two hemorrhages.
Operative Technique
The technique used for proximal anterior cerebral artery occlusion was essentially the same in all cases. After induction with thiopentone, anesthesia was maintained with nitrous oxide and oxygen, sometimes supplemented by halothane. Ventilation was controlled with the end-tidal pCO2 maintained at 30 rvm Hg. In three early cases hypothermia to 32~ was used. After a full 
dose of urea or mannitol, a frontolateral craniotomy was carried out and the termination of the internal carotid artery identified by elevating the frontal lobe. A clip of the Norl6n type was placed on the appropriate anterior cerebral artery close to its origin. This procedure reduced manipulation of the brain to a minimum and did not require exposure of the perforating vessels, which were subsequently perfused from the contralateral side.
Summary of Cases
Any treatment of an intracranial aneurysm must be assessed by its rates of mortality and morbidity and its effectiveness in preventing recurrent hemorrhage. The reporting of mortality in this series has been limited to those patients who died while hospitalized following the most recent subarachnoid hemorrhage. The most common cause of death following proximal anterior cerebral artery occlusion (Table 2 ) was cerebral infarction (five patients). In these five patients angiograms showed spasm in three cases and very poor cross flow in one. One patient died of a pulmonary embolus 9 days after surgery. Another patient died of a recurrent subarachnoid hemorrhage 4 days after surgery; the postoperative angiogram showed only partial occlusion of the clipped anterior cerebral artery. As shown in Fig. 2 , patients undergoing operation within the first week after subarachnoid hemorrhage had a higher rate of mortality than those patients operated on 2 or more weeks after hemorrhage.
The two deaths occurring after direct surgery were due to cerebral infarction, and those occurring during conservative treatment were usually due to recurrent hemorrhage (16 of 27 deaths). Over 80% of these deaths occurred within 4 weeks of the original hemorrhage and only one patient died from this cause after 8 weeks.
Quality of survival of the patients in this series is shown in Table 2 . Of the 61 survivors following proximal anterior cerebral artery occlusion, seven patients were left with a mild hemiparesis but able to work. Two patients had a marked hemiparesis; one patient was dysphasic and required institutional care. The effect of operation and its relationship to the preoperative clinical grade is shown in Table  3 . Patients in higher grades tended to do well, particularly when the preoperative angiogram showed no spasm and a good cross flow.
Patient follow-up is shown in Table 4 . Two patients are known to have died from recurrent subarachnoid hemorrhage at 7 months and 4 years after proximal occlusion, when the postoperative angiogram had shown the clip to have been adequately closed. One patient in institutional care died from pneumonia 2 months after occlusion. Another patient died from an acute myocardial infarction 9 years after operation.
Although this series does not provide a scientifically valid comparison between indirect and direct surgery, our results show little statistical difference in mortality between the two operated groups. Quality of survival following proximal anterior cerebral artery 
occlusion is high. Of 68 patients treated by this method, over 80% are able to work and lead normal lives. The incidence of acquired neurological deficit following direct surgery is higher, but so far we have no report of recurrent hemorrhage, which remains the main target of criticism of proximal anterior cerebral occlusion. Bakay and Sweet 2 achieved a 35% reduction of pulse pressure in the anterior cerebral artery following its p r o x i m a l occlusion. Durity and Logue 11 showed in 43 cases that 23% of aneurysms had become completely occluded as seen on a n g i o g r a p h y approximately 2 weeks postoperatively. Later angiography in three patients at 2, 6, and 9 years after surgery showed the aneurysms to be still occluded. Scott 21 d e m o n s t r a t e d obliteration of the aneurysm 7 to 10 years after anterior cerebral artery occlusion in five of eight patients.
Although the lumen of the aneurysm may persist radiologically 1~ or histologically, clipping of the main feeding anterior cerebral artery reduces the size of the lumen. Organization of thrombus within the aneurysm causes considerable thickening of the sac wall. 7 Stebhens 2s reported postmortem findings in a 69-year-old man who had suffered a subarachnoid hemorrhage from an aneurysm 44 years previously. The lumen of the aneurysm was partially obliterated by hyaline acellular tissue, the result of organization of the thrombus apparently dating from the time of rupture. In our series, one 64-year-old man died from an acute myocardial infarction 9 years after proximal anterior cerebral artery occlusion for an anterior communicating aneurysm. Necropsy examination (Fig. 3) showed the anterior cerebral artery to be collapsed distal to the clip, and histological features were similar to those of Stebhens' case. The aneurysm wall was considerably thickened with collagen tissue. Whether this represents organization within a thrombus or merely repair from the previous rupture is not clear. Despite the persisting lumen, however, no recurrent hemorrhage occurred before this patient's death from another cause (Fig. 4) .
Evaluation of the best surgical procedure should include many factors: physical condition of the patient, time interval from subarachnoid hemorrhage to surgery, and angiographic features. The chief merit of proximal anterior cerebral occlusion is its technical simplicity. The procedure also offers operative mortality and morbidity rates that compare favorably with other methods, particularly in the presence of a good cross circulation, and for these reasons we believe it still has a place in the management of these aneurysms.
